Introduction
============

Oral squamous cell carcinoma (OSCC) is one of the most common types of cancer in the world ([@b1-ol-0-0-8520],[@b2-ol-0-0-8520]). It is characterized by a high rate of cervical lymph node metastasis and poor prognosis ([@b3-ol-0-0-8520]). The histopathological development between oral precancer and oral cancer may undergo stages of epithelial hyperplasia, dysplasia, early invasive and lymph node metastasis ([@b4-ol-0-0-8520]). Oral precancers, which may lead to OSCC transformation, are a group of disorders of varying etiologies with or without clinical and histomorphological alterations ([@b5-ol-0-0-8520]). Oral leukoplakia (OLK) represents the most common oral precancerous lesion, with 0.13--3.5% of cases undergoing malignant transformation ([@b6-ol-0-0-8520]). The prognosis for patients with OSCC remains poor in spite of advances in therapy ([@b6-ol-0-0-8520]). Early detection of oral cancer is one of the most efficient ways to reduce the high mortality rate of the disease ([@b7-ol-0-0-8520]). Thus, early diagnosis and treatment are required to improve the survival rate.

Cluster of differentiation (CD)47, which belongs to the immunoglobulin superfamily, is a ligand for the extracellular domain of signal regulatory protein α (SIRPα) ([@b8-ol-0-0-8520]). CD47 is ubiquitously expressed on the surface of the majority of cell types, including T cells and epithelial cells ([@b8-ol-0-0-8520]). Functionally, CD47 acts as a marker of self for macrophages, and protects cells from phagocytosis ([@b9-ol-0-0-8520]). CD47-SIRPα engagement on macrophages leads to an inhibitory signal that negatively regulates activation and phagocytosis ([@b10-ol-0-0-8520]). In addition, through conjunction with integrins from the β1, β2 and β3 families, CD47 initiates heterotrimeric G-protein signaling and thus modulates cell motility, leukocyte adhesion, migration and phagocytosis ([@b8-ol-0-0-8520]).

The interaction between CD47 and SIRPα is particularly important for the regulation of phagocytosis of malignant cells ([@b9-ol-0-0-8520]). Avoiding phagocytosis by infiltrated macrophages is required for the progression of solid tumors ([@b9-ol-0-0-8520]). Previous studies have reported that CD47 is overexpressed in cancer cells, and CD47 mRNA expression levels are associated with a decreased probability of survival for multiple types of cancer, including oophoroma and breast cancer ([@b11-ol-0-0-8520],[@b12-ol-0-0-8520]). Macrophages rely on CD47 expression to distinguish self from foreign and to set a threshold for macrophage-mediated phagocytosis of opsonized cells ([@b9-ol-0-0-8520]). CD47 binding to SIRPα may transduce inhibitory signals to decrease the phagocytic activity of macrophages and boost the immunological evasion of tumor cells, as well as tumor development ([@b13-ol-0-0-8520]). CD47-SIRPα interactions provide a rational basis for enhancing the effects of cancer therapy by antibody-mediated tumor cell elimination ([@b14-ol-0-0-8520]).

An interrupted interaction between CD47 and SIRPα has previously been reported to be beneficial for the treatment of malignant diseases, including human acute lymphoblastic leukemia, non-Hodgkin\'s lymphoma and bladder cancer, due to their function in promoting phagocytosis of tumor cells by macrophages ([@b15-ol-0-0-8520]--[@b17-ol-0-0-8520]). However, the expression and function of CD47 is not known in oral precancer and cancer. Thus, the present study investigated the expression of CD47 in the oral precancer and cancer, and preliminarily explored its impact on OSCC.

Materials and methods
=====================

### Specimen collection

To detect the expression of CD47 in oral precancer and OSCC, 36 OLK and 10 OSCC specimens were selected from the Department of Oral Pathology, School and Hospital of Stomatology, Wuhan University (Wuhan, China). The present study was approved by the Ethics Committee of the Hospital of Stomatology, Wuhan University, and written informed consent was obtained from all patients. A total of 10 normal oral mucosal (NOM) samples (obtained during third molar removal) were used as the control. Clinicopathological parameters, including age, sex, lesion site and histological grade of dysplasia were obtained from pathological reports. For subgroup analysis, OLK samples were divided into OLK with low-risk dysplasia (LR-OLK) and OLK with high-risk dysplasia (HR-OLK), according to histological grading of OLK lesions in the scheme of the World Health Organization (2005) ([@b18-ol-0-0-8520]). LR-OLK was termed as OLK with hyperplasia or mild dysplasia, while HR-OLK was termed as OLK with moderate or severe dysplasia.

### Immunohistochemistry

Tissue sections (4 µm) were deparaffinized in xylene and hydrated in a graded series of alcohols (30, 50, 70, 50, 90, 95 and 100%). Antigen retrieval was performed using a 0.01 M citric acid buffer solution (pH 6.0) at high pressure for 90 sec. To block endogenous peroxidase activity, 3% hydrogen superoxide was applied at room temperature for 20 min. Non-specific binding sites were blocked by incubation in 5% normal goat serum (Zhongshan Golden Bridge Ltd., Beijing, China) for 30 min at 37°C. The sections were then incubated at 4°C overnight in a diluted solution (dilution, 1:200) of monoclonal mouse anti-human CD47 (cat. no. MAB4670; R&D Systems, Inc., Minneapolis, MN, USA). Sections were exposed to a second biotinylated goat anti-mouse immunoglobulin G antibody (cat. no. SAP9001; Zhongshan Golden Bridge Ltd.; 1:800) solution for 20 min at 37°C. Following washing the sections with PBS (0.01 M; pH=7.2), staining was completed by incubation with 3′3-diaminobenzidine tetrachloride for 3 min. The specimens were then counterstained with Mayer\'s hematoxylin, dehydrated using a graded series of ethanol (100, 95, 90, 70, 50 and 30%), and mounted with a glass coverslip and xylene-based mountant. Negative controls were incubated with PBS instead of primary antibodies.

### Immunohistochemical scoring

Images of each immunohistological section were captured for 5 randomly selected fields in the central areas, using light microscopy (magnification, ×200 and ×50; Olympus Corporation, Tokyo, Japan). Two independent oral pathologists (Department od Oral Medicine, School and Hospital of Stomatology, Wuhan University, Wuhan, China) blind to the clinical information of each patient interpreted the immunohistochemical results.

The cell cytoplasm and membrane localization of CD47 was categorized as positive expression, and the degree was calculated based on the percentage of positive cells and the staining intensity. The percentage of positive cells was scored as follows: 1, ≤1% positive cells; 2, 2--10% positive cells; 3, 11--50% positive cells; and 4, \>50% positive cells. The staining intensity of expression was rated as: 0, negative; 1, weak positive; 2, moderate positive; and 3, strong positive. Points for staining the intensity of expression and the percentage of positive cells were multiplied and the final score was dependent on the average score of 5 random fields of view.

### Cell culture and immunofluorescence

Human oral keratinocytes (gifted by Professor Zhou Hongmei, Si Chuan University) were cultured in keratinocyte serum-free medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 100 IU penicillin and 100 µg/ml streptomycin at 37°C and 5% CO~2~ in a humidified atmosphere. The oral cancer cells Tca8113, SCC-9 and Cal-27 (Type Culture Collection of the Chinese Academy of Sciences, Shanghai, China) were incubated in Dulbecco\'s modified Eagle\'s medium (DMEM) F-12, whilst Tea8113 and Cal-27 cells were cultured in DMEM supplemented with 10% fetal bovine serum (HyClone; GE Healthcare Life Sciences, Logan, UT, USA), penicillin (100 U/ml) and streptomycin sulfate (100 µg/ml), at 37°C under a humidified atmosphere of 5% CO~2~.

For immunofluorescence, 2×10^4^ cells were plated on cover slips and grown for 48 h. Cells were fixed in 4% formaldehyde and permeabilized with PBS buffer. Subsequently, fixed cells were incubated with 5% normal goat serum (Zhongshan Golden Bridge Ltd.) for 30 min at 37°C and mouse CD47 antibody (1:100; cat. no. FAB4670G; R&D Systems, Inc.) was added overnight at 4°C. Following three washes with ice-cold sterile PBS, the cells were incubated with Alexa Fluor 488 goat anti-mouse immunoglobulin G (1:100; cat. no. ZF-0512; Zhongshan Golden Bridge Ltd.) for 2 h at 37°C. Nuclei were counterstained with DAPI, followed by observation under a fluorescence microscope (Leica Microsystems, Inc., Buffalo Grove, IL, USA; magnification, ×200) with 5 fields of view assessed.

### Cell proliferation assay

Cal-27 cells were seeded at a density of 2×10^3^ cells per well on 96-well culture plates. Cal-27 cells were incubated with CD47 antibody (cat. no. MAB4670; R&D Systems, Inc.) at 37°C at concentrations of 0, 5 and 10 µg/ml for 48, 72 and 96 h, respectively. The relative cell number was then detected by the Cell Counting kit-8 (CCK-8) assay (Dojindo Molecular Technologies, Inc., Kumamoto, Japan), according to the manufacturer\'s protocol. CCK-8 solution (10 µl) was added to each well during the last 2 h of culture at 37°C, and the absorbance in each well was measured at 450 nm using a 96-well multiscanner autoreader (Thermo Fisher Scientific, Inc.).

### Statistical analysis

Data were presented as the mean ± standard error of the mean. Statistical analysis was performed using the GraphPad Prism 5 statistical package (GraphPad Software, Inc., La Jolla, CA, USA). The association between CD47 expression and histopathological levels was analyzed using the χ^2^ test. One-way analysis of variance was used to evaluate the differences between experimental and control groups, with Tukey\'s test used as a post-hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of CD47 in NOM, OLK and OSCC

The expression of CD47 was mainly localized on the cell membrane of epithelial cells, with little expression in the cytoplasm. There was very weak positive expression of CD47 in NOM ([Fig. 1A](#f1-ol-0-0-8520){ref-type="fig"}). The expression of CD47 in the LR-OLK group was weak, primarily confined to the basal layer of the epithelium ([Fig. 1B](#f1-ol-0-0-8520){ref-type="fig"}). In the HR-OLK group, strong staining was observed in the whole spinous layer ([Fig. 1C](#f1-ol-0-0-8520){ref-type="fig"}). Almost all cell membrane of epithelial cells were positive for the expression of CD47 in OSCC ([Fig. 1D](#f1-ol-0-0-8520){ref-type="fig"}). A prominent feature was that CD47 expression was positively stained in a region that exhibited dysplasia, but there was no expression in epithelium with normal appearance ([Fig. 1E](#f1-ol-0-0-8520){ref-type="fig"}).

The mean expression score of CD47 in NOM was 1.56±0.93, and its expression was significantly lower compared with oral epithelial dysplasia (5.67±2.50; P\<0.0001) and OSCC (7.10±3.76; P=0.0057). In addition, the expression of CD47 in the LR-OLK, HR-OLK and OSCC groups was increased compared with NOM (P=0.0018, P\<0.0001 and P=0.0057, respectively; [Fig. 2](#f2-ol-0-0-8520){ref-type="fig"}). The expression of CD47 in the OSCC and HR-OLK groups was significantly higher than in the LR-OLK group (P=0.0327 and P=0.0048, respectively; [Fig. 2](#f2-ol-0-0-8520){ref-type="fig"}). The expression of CD47 in the OSCC group was slightly higher than in the HR-OLK group, but no statistical significance was observed.

### Expression of CD47 in OSCC cell lines

To study the subcellular localization of CD47 protein, the expression of CD47 was detected in Tca8113, SCC-9 and Cal-27 cell lines, and normal oral keratinocytes, by immunofluorescence. CD47 expression was observed on the cytomembrane and cytoplasm of these cancer cell lines ([Fig. 3](#f3-ol-0-0-8520){ref-type="fig"}). CD47 expression was absent or weak in normal oral keratinocytes.

### CD47 antibody inhibits the proliferation of Cal-27 cells

The effect of CD47 antibody on the proliferation of the Cal-27 cell line was utilized by the CCK-8 assay. The proliferation of Cal-27 cells was significantly inhibited by incubation with 5 and 10 µg/ml CD47 antibody compared with the control group (P\<0.05; [Fig. 4](#f4-ol-0-0-8520){ref-type="fig"}). Following 72 and 96 h stimulation, the proliferation of Cal-27 cells was inhibited by incubation with 5 µg/ml CD47 antibody, but no significant inhibition was observed following 48 h stimulation ([Fig. 4](#f4-ol-0-0-8520){ref-type="fig"}). When the concentration of CD47 antibody was increased to 10 µg/ml, significant inhibition appeared following 48, 72 and 96 h stimulation (P\<0.05; [Fig. 4](#f4-ol-0-0-8520){ref-type="fig"}), which manifested in a concentration- and time-dependent manner.

Discussion
==========

In the present study, the expression and function of CD47 was explored in oral precancer and cancer, and it was revealed that the expression of CD47 was increased in OLK and OSCC, and that CD47 antibody inhibited the proliferation of OSCC cells. CD47 may therefore serve as an important biomarker for the progression of oral precancer and cancer.

The expression of CD47 was previously reported to be upregulated in numerous types of cancer, including esophageal squamous cell carcinoma, colorectal cancer and colon cancer ([@b13-ol-0-0-8520],[@b19-ol-0-0-8520]). In addition, increased expression of CD47 has been demonstrated to contribute to pathogenesis by inhibiting phagocytosis of these cancer cells ([@b12-ol-0-0-8520],[@b17-ol-0-0-8520],[@b20-ol-0-0-8520]). Thus, consistent with CD47 being a negative indicator for phagocytosis, CD47 on cancer cells acts to inhibit macrophage phagocytosis ([@b21-ol-0-0-8520]). Majeti *et al* ([@b20-ol-0-0-8520]) proposed that tumor cells evade macrophage phagocytosis and the killing effects of the innate immune system by upregulating the expression of CD47, therefore promoting tumorigenesis and metastasis. Edris *et al* ([@b22-ol-0-0-8520]) revealed that interference with CD47 increased phagocytosis of cancer cell lines and that treatment with CD47 antibody markedly inhibited the growth of xenotransplanted tumors. The present study revealed that CD47 was highly expressed on OLK and OSCC. OLK and OSCC may evade macrophage phagocytosis by upregulating the expression of CD47.

High expression levels of CD47 were associated with lymph node metastasis, which demonstrated that CD47 expression was an independent prognostic factor ([@b12-ol-0-0-8520]). In addition, increased CD47 mRNA expression levels in certain solid tumors were associated with a decreased probability of patient survival time ([@b11-ol-0-0-8520]). Thus, these results have created a rational basis for targeting CD47 as a biomarker in predicting cancer. OLK, as a potentially malignant oral disorder, may develop into OSCC graded between low risk and high risk dysplasia ([@b23-ol-0-0-8520]). The more severe the dysplasia, the greater the likelihood is of progression to malignancy ([@b18-ol-0-0-8520]). The results of the present study revealed that CD47 was mainly identified in OSCC, and that expression of CD47 was increased gradually between LR-OLK, HR-OLK and OSCC. This indicated that CD47 may be a reliable biomarker for predicting the progression of oral precancer and cancer.

Engagement of SIRPα by CD47 provides a signal that inhibits host cell phagocytosis, and CD47 functions negative regulator of phagocytosis ([@b8-ol-0-0-8520]). In solid tumors, CD47 antibodies have been demonstrated to inhibit the proliferation of human head and neck squamous cell carcinoma cell lines, as well as primary human bladder cancers *in vitro* ([@b17-ol-0-0-8520],[@b24-ol-0-0-8520]). Phagocytosis of malignant cells increased when CD47 was blocked and CD47 antibody therapy inhibited tumor growth and prevented metastasis ([@b11-ol-0-0-8520],[@b16-ol-0-0-8520]). Treatment of tumor-bearing mice with antibodies that block CD47 signaling has produced tumor regression when used alone or combined with existing therapeutics ([@b13-ol-0-0-8520],[@b14-ol-0-0-8520],[@b25-ol-0-0-8520]). Therapeutic monoclonal antibodies directed against tumor cells have become a valuable alternative to conventional cancer treatment modalities ([@b14-ol-0-0-8520]). A previous study identified that antibody and native ligands that serve as CD47 agonists may induce the death of breast cancer cells ([@b14-ol-0-0-8520]). Therefore, the effect of CD47 antibody on the proliferation of oral cancer cells was analyzed, and it was revealed that CD47 antibody inhibited the proliferation of Cal-27 cells. The overexpression of CD47 in OSCC by bonding with its ligand, SIRPα, was speculated to reduce the phagocytosis function of macrophage and promote OSCC occurrence. Thus, CD47 may be a useful therapeutic target for oral cancer.

A previous study revealed that human solid tumor cells require CD47 expression to suppress phagocytic immune surveillance and elimination ([@b9-ol-0-0-8520]). Furthermore, evidence from several studies with different models suggested that CD47-SIRPα interactions were required for the induction of T cell-mediated autoimmunity, including Crohn\'s disease and colitis ([@b26-ol-0-0-8520],[@b27-ol-0-0-8520]). Soto-Pantoja *et al* ([@b28-ol-0-0-8520]) reported that blocking CD47 in the context of radiotherapy enhanced antitumor immunity by directly stimulating CD8^+^ cytotoxic T cells, with the potential to increase curative responses. Previous mechanistic studies indicated that CD47-SIRPα interactions are required for dendritic cell functions, in particular migration and/or antigen presentation, which are necessary to generate autoreactive T helper (Th)1 and/or Th17 cells ([@b26-ol-0-0-8520],[@b29-ol-0-0-8520],[@b30-ol-0-0-8520]). OLK possesses the potential to transform into OSCC ([@b31-ol-0-0-8520]). T cells have been demonstrated to be associated with development and prognosis in OLK and OSCC ([@b32-ol-0-0-8520]). In addition, dendritic cells are present in the skin and mucosal linings, providing immunosurveillance to these tissue compartments ([@b33-ol-0-0-8520]). In accordance with the present study, CD47 is widely considered to serve an important function in T cell and dendritic cell-mediated immunosurveillance against cancer cells, indicating a potential mechanism of immune escape in OLK and oral cancer.

To conclude, CD47 may be a reliable biomarker for predicting the progression of oral precancer and cancer, and may serve as an important molecular target for designing novel therapies for oral cancer. Additional studies may elucidate the potential mechanism of CD47 as a therapeutic target of oral cancer.
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![Expression of cluster of differentiation 47 in representative specimens. (A) Normal oral mucosa, (B) oral leukoplakia with low risk dysplasia (C) oral leukoplakia with high risk dysplasia, (D) oral squamous cell carcinoma (magnification, ×100 left, ×400 right). (E) A representative specimen that included normal oral mucosa (negative staining) and oral squamous cell carcinoma (strong positive staining).](ol-15-06-9075-g00){#f1-ol-0-0-8520}

![Comparison of expression of cluster of differentiation 47 in different groups. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 vs. NOM group; ^\#^P\<0.05 and ^\#\#^P\<0.01 vs. LR-OLK group. NOM, normal oral mucosa; LR-OLK, oral leukoplakia with low-risk dysplasia; HR-OLK, oral leukoplakia with high-risk dysplasia; OSCC, oral squamous cell carcinoma.](ol-15-06-9075-g01){#f2-ol-0-0-8520}

![Expression of CD47 in oral squamous cell carcinoma cell lines and normal oral keratinocytes, as assessed by immunofluorescence. CD47 was expressed in (A1) Tca8113, (B1) Cal-27 and (C1) SCC-9 cells. (D1) Weak positive staining was observed in normal oral keratinocytes. No expression of CD47 was observed in the control cells (A2-D2; magnification, ×400). CD47, cluster of differentiation 47.](ol-15-06-9075-g02){#f3-ol-0-0-8520}

![Effect of CD47 antibody on the proliferation of Cal-27 cells. The proliferation of Cal-27 cells was inhibited by 5 and 10 µg/ml CD47 antibody. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001 vs. control group. CD47, cluster of differentiation 47; OD, absorbance; CCK-8, Cell Counting kit-8.](ol-15-06-9075-g03){#f4-ol-0-0-8520}
